The use of saliva and oral cells as sources of biological material has gained attention, due to advantages such as facility, non-invasiveness, and great patient acceptance. The objective of the study was to compare four different types of saliva and oral buccal cell collecting methods for genomic DNA extraction: (1)Expectoration of saliva, (2)Expectoration of saliva with lingual stimulation, (3)Scraping with cytological brush, and (4)Scraping with cytological brush and expectoration of saliva. The sample was composed of students and employees from the Dental School of the Federal University of Rio de Janeiro (n = 20, 10 men and 10 women with mean age of 47.60 ± 15.70 and 20.50 ± 2.1, respectively). The collections were performed with an interval of at least one day between them and the participants were instructed to stay for less than 30 minutes without eating food and brushing teeth. Samples were stored at -20°C until DNA extraction was performed using a commercially available kit (Qiagen®). Differences in DNA yield between methods were test for statistical significance with an alpha of 0.05. No sexual dimorphism was observed in relation to the concentration of DNA (p=0.76), age (p=0.91), and ethnicities (p=0.72). There was no significant difference between the collection methods in relation to the quantity and purity of the extracted DNA (p≥0.05). All methods gave lower DNA yields than the ones obtained from blood or saliva collected through comercial kits and may be carefully use for clinical diagnostic purposes or for research experiements requiring higher DNA concentrations.
Introduction
DNA for diagnostic or research purposes can be obtained from various biological materials. In the last decades, the DNA used in molecular studies was preferentially obtained from blood samples since they provide a large number of cells and, consequently, a good yield [1, 2] . However, collection of blood samples has some drawbacks such as the potential non-viability in large populationbased studies. Because it is an invasive method, some patients may be resistant to collection, need a specialized professional to perform the procedure, and it is more difficult to perform in the elderly and children [1, 3, 4] . Another factor to be emphasized is that the ferrous ions (Fe2 +) present in the blood compete with Mg2 + ions, which are inhibitors of PCR (C-reactive protein) [1, 2] .
Saliva has been increasingly used as a source of genomic DNA suitable for large studies because it is non-invasive and has diagnostic potential. In addition, when compared to the traditional method of collecting DNA from blood, it presents a reduced cost and is a noninvasive method that can be performed more easily in children, the elderly, and patients with special needs [5] . Collecting saliva also brings no risk of infections and has the potential to become a first line of clinical diagnosis [6] .
A number of methods for collecting saliva and buccal cells have been reported: swabs, brushes, mouthwashes [4] , drainage method, spit method, suction method, and stimulation by paraffin mastication and/or by applying citric acid to the tongue [6] . DNA quality is essential for the success rates in analyzes and the amount of DNA collected is extremely important and we must be attentive to these factors http://dentistry3000.pitt.edu during the choice of DNA collection method [7] .
Despite the obvious practicality and advantages of saliva and oral cells in obtaining DNA, there is a difference in the amount of DNA obtained depending on the method of extraction of genomic DNA from saliva used. The objective of the present study was to compare four different methods of collecting saliva and buccal cells for DNA extraction evaluation of its concentration and purity. 
Methods

SAMPLE SELECTION
DATA COLLECTION
During the interview, data such as age, sex, and ethnicity were recorded. Then, four different protocols randomized for the order that they were performed were used for the collection of saliva and buccal cells by a single researcher (C.C.A.F.), with an interval of at least one day between each other. Participants were instructed to not smoke, eat and brush their teeth for at least 30 minutes before each saliva collection.
Expectoration of saliva;
2. Expectoration of saliva with lingual stimulus; 3. Scraping with a cytological brush; and, 4. Scraping with cytological brush + expectoration of saliva.
Expectoration of saliva:
Saliva collected was stored in a falcon tube. The researcher instructed each individual to spit until the marking of 2 ml. After the protocol collection was performed, information such as the date of the collection, the method and the study identifier the participant were recorded on the tube and it was protected by a plastic bag and stored at -20°C. This step was performed routinely in all the different protocols carried out in this research.
Expectoration of saliva with lingual stimulus:
In this salivary collection method, the individuals were instructed to perform stimulation through the friction of their tongue against intraoral structures and after, they were asked to spit.
Step by step, this method consisted of rubbing the tongue in the teeth, jugal mucosa, and roof of the mouth 10 times in each hemiarch in order to detach buccal cells from the oral mucosa.
Scraping with a cytological
brush: Scraping of buccal cells from the oral mucosa was performed with a cytological brush that was then stored in a Falcon tube. The procedure was performed by a single researcher (C.C.A.F.) who positioned the brush comfortably in the individual's mouth and rubbed the lower gum 10 times with rotational movements and back and forth.
Scraping with a cytological brush + expectoration of saliva:
This method consisted of the combination of the methods Scraping with a cytological brush and Expectoration of saliva.
DNA EXTRACTION
To extract the DNA from the samples, the steps of the Qiagen® Kit proposed by the manufacturer were followed: https://www.qiagen.com/br/qdm/alp/all prep-selectionguide?intcmp=ECOM_WEB_SelectionGui des_2610_teaser_Tools_AllPrepGuide_
DNA QUANTIFICATION
The concentration and purity of the DNA were determined by optical density spectrophotometer (NanoDrop® 2000c) using 2μL of the extracted material. The DNA concentration was evaluated at a wavelength of 260nm. The ratio between the values obtained at wavelengths 260nm and 280nm was used to estimate the purity of the genomic DNA. Only DNA samples with a 260/280 ratio above 1.7 were considered satisfactory for DNA purity.
STATISTICAL ANALYSIS
Descriptive statistics were applied evaluating the frequency of sex, ethnicity and the mean age of all the studied individuals. One-way ANOVA and T-tests were used determine differences between groups. In addition, chi-square and/or Fisher's Exact test (p≥0.05) were used to verify statistical differences in frequencies between the dichotomous variables. The data were tabulated and analyzed in the statistical software SPSS version 20.0 (Statistical Package for Social Sciences, SPSS Inc, Chicago, III) and all tests were carried out with a 95% significance level.
Results
The mean concentration of genomic DNA was not different between males [6.74 (±1.88) ng/μl] and females [6.88 (±2.31)ng/μl] (p=0.76). This shows that there is no sexual dimorphism regarding the amount of genomic DNA recovered from saliva samples of females and males ( Table 1 ).
The average amount of genomic DNA obtained from each method can be observed in Table 1 . There were no statistical differences between the methods.
Discussion
The four methods of saliva and buccal cell collection did not show DNA yield differences but the values obtained are remarkably lower than the ones obtained from kit-based saliva collection methods [8] .
Most of the studies reported in the literature collected buccal cells and saliva in three ways: rubbing or scraping the oral mucosa with cytological brushes, mouthwash with oral solution and saliva expectoration [1, 3, 9, 10] . The collections are performed through commercial kits and the details of each methodology depend on to the manufacturers' instructions. The most commonly used commercial kit is Oragene® (DNA Genotek)
where assessed individuals need only expectorate in a small bottle. When the bottle is closed, a solution containing bactericidal substances mix with the saliva and preserve the DNA, allowing the sample to be held for several months at room temperature.
This kit has presented favorable amounts of genomic DNA and is easy to apply, allowing even self-collection [5, 7, 11, 12] . On the other hand, Oragene® kit is expensive, which represents a disadvantage in and this suggests these protocols potentially will not allow for analyses that require higher DNA concentrations.
All methods gave lower DNA yields than the ones obtained from blood or saliva collected through comercial kits and may be carefully use for clinical diagnostic purposes or for research experiements requiring higher DNA concentrations.
